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According to the findings of many researchers one of the
main factore in the mechanism of recovery from the plague and
in the development of postvaccinal immunity 1s the rearrange-
ment of phagocytic reaction of the organism (Zabolotnyy, 1956;
Pokrovskaya, 1947; Zhukov-Verezhnikov, 1940, 1945; Korobkova,
1956; Akimovich, 1960; Burrows and Bacon, 1956, et al.).

M. P. Pokrovskaya and L. S. Kaganova (1947) showed that
while in nonimmunized animals is observed a peculiar "paraly-
818" of the phagocytic reaction with regard to virulent strains
of plague bacilli, a high phagocytic capacity of RES is charac-
teristic ot immune organisms.

Burrows and Bacon (1956) have ascertained the presence in
virulent plague bacilli of surface antigens of V and W which
possess the capacity of impending the act of phagocytosis.
These authors explain the resistance of phagocytosis by the
peculiarities of the bacterlal envelope-capsule. We must note
that such a capsuvle, which impedes phagocytosis, 1s formed only
after the plague bacillus had been for some time in the organ-
ism. The opinion of M. P. Pokrovskaya and L. S. Kaganova on
the "paralysis" of phagocytic activity in plague infection is
not shared by V. V. Akimovich (1960), who, like Burrows and
Bacon explains this phenomenon by the peculiarities of the
virulent plague bacillus and not by a damage of the act of
phagocytosis itself, as it is assumed by M. P. Pokrovskaya.



V. V. Akimovich has observed high levels of phagocytic staphy-
lococel in the organism of animals infected with plague during
the entire period of infection.

According to the findings of M. P. Pokrovskaya the rear-
rangement of RES takes place under the effect of antiplague
vaceination. The essence of this rearrangement consists in
hyperplasia of the elements of RES and in so-called polyblas-
tic reaction on the part of the elements of active mesenchyma.

In the literature are available many data concerning
changes in the phagocytic activity of leukocytes in the process
of immunogenesis after antiplague vaccination. S. G. Abramova
(1944) and L. S. Kaganova (1946) point to the increase of
phagocytic activity of leukocytes in immune animals. A. I.
Yelfimova (1940) and I. I. Derteva (1959) obtained in immune
animals under the effect of antiplague serum a decrease in
phagocytic activity of the blood cells as compared with washed-
off leukocytes.

N. I. Kolesinskaya (1959) showed that in guilnea pilgs and
rabbits immunized with strain 17 there is observed a rise in
the phagocytic number of leukocytes during a prolonged period,
whereas in those immunized with strain EB after a comparatively
short-1lived rise of phagocytic activity its sharp fall occurs.
We consldered as necessary to study the process of changes in
the phagocytic reactioi of the organism in the dynamics of
postvaccinal immunity in view of the fact that this question
is insufficlently clarified in the literature. Many investiga-
tions give only a descritpion of the phagocytic reaction but
not a factual evaluation of the degree of phagocytosis. We
must also note that the majerlty of authors estimates the phago-
cytic reaction only by the number of the encompassed bacilli
and does not take into account the degree of the completeness
of the phagocytic reaction.

In the present investigation we tried to solve the problem
of changes in the phagocytic activity of leukocytes in the pro-
cess of antiplague immunization.

Changes in the Phagocytic Number and in the Number of Active
Leukocytes in the Process of Antiplague Immunization

Technique of eriments. The phagocytic activity of
leukocytes was determined in nonimmunized white mice, as well
as in those immunized with a live antiplague vaccine. The in-
munization of mice was performed by a subcusaneous injection
of 100 million microbial cells of strain EB, To determine

phagocytic activity of leukocytes the blood was taken from the
mouse tail. O0.04 ml of blood was mixed with 0.02 ml of 1.5%
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solution of sodium citrate and 0.02 ml of suspension of bac-
teria EB 229 containing 1 billion microbial cells in 1 ml.
After 30 min of incubation at 37° smears were prepared, fixed
and stained with Giemsa-Romanovsky's mixture. The phagoctylc
number -- number of bacteria absorbed by a leukocyte (for this
purpose 100 leukocytes, polymorphnuclear and mononuclear, were
examined), and the percentage of active leukocytes served as
indexes of phagocytic activity. The phagocytic activity of
leukocytes was determined by the 7, 9, 10, 12, 1%, 16, 17, 19
21, 22 and 24th day after vaccination (five animals each times.

Tables 1 and 2 give statistically processed data of de-
terminations.

TABLE 1

Changes in Phagocytic Number of Leukocytes in the
Process of Immunization

wonginssann o | Toeabiue | Creduesstinitic | Cpeanas ouugua

(, 2 .KO€ 0r1K10 \:ugxe @
(5:3;oponue MBWK ... 0,880 0,044 0,022
7-n zens . . L. 1,260 0,055 0,028
9-it o s e 0 6 e 1,40 0,061 0,30
10-it e o o e oa e 1,390 0,185 0,092
12-1 . s e e s 1,30) 1,100 0,50
TS S 1,760 0,102 00 1
16-4 e« e s e 4 1,370 0,756 0,028
17-# v e e 1,31 0,746 0,023
19-4 . s .. 1,164 0,007 0,003
2:-R . e e e e 1,677 0,05 0,027
24 . « s . s 1,53) 0,175 0,037
©24-R o e e e 1,230 0,124 0,062

1 -- Day after immunization; 2 -- Arithmetic mean; 3 -- RMS de-
viation; 4 -- Mean error; 5 -- Healthy rats; 6 -- Day.

It may be seen from the tables that the phagocytic number
of leukocytes increases beginning from the 9th day after im-
munization up to 12-1lith day. During subsequent days there is
observed some decrease of the phagoc{tic activity but toward
the end of immunization period (22-24th day after vaccination)
the phagocytic number continues to be higher than in nonim-

munized animals.



TABLE 2

Changes of the Number of Activs Leukocytes in the
Process of Immunization

u%:.;bu:;clr:n T CP?.:'::&'L‘Q;‘ ssg::: ﬁl‘,‘};’,;}i’,;’;&e Cpeansa 0"’1,",6-'5?
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7-# Aem(?‘.‘ .. l 67,50 3,65 1,82
oh . . ... .. 76,00 5,07 2,50
04 . ...... 76,75 4,50 2,25
128 . - 0. 7125 1,66 0,83
Ha , .. . 8% 1,60 0,0
i 68 , ... ... 81,70 1,75 ; 0,87
f 174 . .. ... . 82,80 2,27 3 113
1R L 83,00 : 1,80 ? 0,90
2R, ... .. 87,00 1,3! ! 0,65
1L S 8575 1,3 0,85
R T S 79,65 1,63 20,23

1l -- Day after immunization; 2 -- Arithmetic mean; 3 ~-- RMS de-
viation; 4 -- Mean error; 5 -- Healthy rats; 6 -- Day. '

. Some researchers (Pokrovskaya, 1947; Korobkova, 1956) as-
sert that the immunity upon vaccination with live antiplague
vaccines is nonsterile during the initial period of its develop-
ment and thereafter it becomes sterile.

Duration of the period of nonsterile immunity is deter-
mined by the time of atay of live bacteria of vaccinal strain
in the animal organism. In the opinion of the majority of
authors (M. P. Pokrovskaya and Ye. I. Korobkova) it is possible
to 1solate bacteria from the tissues of animals during 12-17
days after vaccination using normal bacteriological methods.
During this period of the development of immunity can be ob-
served, according to our data, the highest degree of rise of
the phagocytic number. Pathophysiologically this stage of im-
munity is characterized, according to the available data (a.
G. Korobkov, unpublishicd report), by endocrine shifts, in par-
ticular by an increase of the tonus of the sympathetic portion
of autonomous nervous system. As is lmown, N. V. Puchkov and
G. G. Golodets (1939, 1946) have ascertained the increase of
the phagoeytic activity ¢f leukocytes under the effect of
sympathicotropic agents.

We were unable to observe, as this was done by A. P.
Yelfimova (1949) and I. I. Derteva (1960) in the experiments



on guinea pigs, any decrease of the phagocytic number in immune
animals as compared with intact ones. But the phagocytic num-
ber in immune animals on the 12-14th day after inoculation is
higher than on the 21-25th day.

As regards the data of 3. G. Abramova and L. S. Kaganove,
we must note that these authors determined the phagocytic num-
ber on the 15th day after immunization, i.e., during a period
when acsording to our data the phagocytic number increases

The change in the number of active leukocytes in the pro-
cess of immunization proceeds somewhat differently. The per-
centage of active leukocytes is recorded up to 12-14th day
after inoculation, and thereafter it almost does not change.
These data show that the change of phagocytic number does not
proceed parallely with the change of the percentage of active
leukocytes. Apparently, one of the ways of the change of
phagocytic reaction in the process of antiplague immunization
is a decrease of the number of bacteria captured by the leuko-
cyte with a simultaneous increase of the percentage of active
leukocytes.

When a leukocyte captures a great nurber of bacteria they
secrete a great amount of toxin which paralyzes enzymes of the
leukooyte (M. P. Pokrovskaya and L. S. Kaganova, 1947), and
therefore the remaining bacteria can reproduce., Consequently
a decrease of the phagocytic number at the expense of a de-
crease of the number of leukocytes capturing a great number of
bacteria, is a factor which promotes the immunogenesis.

To study the role of the rearrangement of cellular and
humoral factors in the process of the change of phagocytic
activity in an immune animal we carried out a series of experi-
ments., In these experiments, 25-27 days after their immuniza-
tion with EB 229 the blood was taken from white mice and stabi-
11zed by the addition of 1.5% solution of sodium citrate.

After centrifuging of the blood the plasma was sucked off and
leukooytic film was removed. Leukocytes were thrice washed
with physiological solution. The blcod of healthy mice was
analogously obtained and processed. The leukocytes and plasma
thus obtained were used in the experiments for the determina-
tion of opsonic action of the "immune" plasma on the leukocytes
obtained from healthy mice.

Under the effect of "immune" plasma the leukocytes ob-
tained from intact animals phagocytize plague bacteria in the
same degree as leukocytes obtalned from immune animals and
treated with autoplasma., On the other hand if the "immune"
leukocytes are washed and treated with plasma obtained from in-
tact animal, the phagocytic number decreases, reaching a level
charaotcria&io of & nonimmunized animal.
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Therefore, changes of the phagocytic number in the process
of lmmunization depend mainly on the humoral factors and not
on the qualitative peculiarities ot leukocytes..

Changes in the Phagocytlc Activity of Leukocytes in
Immunized Mice, Determined by the Method in vivo

Determlnation of the phagocytic activity by the method in
vitro has several shortcomings. The most important is the fact

the conditlons of the life of leukocytes in a test tube
are very far 1rom conditlons of thelr litfe Ln the organism.,
To exclude these shortcomings, we have carried out experiments
for the study of phagocytosis in vivo according to the toci-
nique of I. I. Mechnikov. :

Sixteen to eighteen hours before the experiment whit> mice
were injected intraperitoneally 2 ml of 5% peptone solutic:.
which caused accumulation in the abdominal cavity of steriie
exudate containing a great number of leukocyte. Thirty minutes
before the accumulation of exudate 0.5 ml of one-billion sus-
pension of bacteria of the vaccinal straln was introduced into
abdominal cavity. ‘

From the obtalned exudate smears were prepared which were
then fixed and stalned according to Glemsa-~Romanovsky and the
phagocytic number was calculated. The phagocytic activity of
leukocytes of the exudate was determined by the 21-30th day
after vaccination. Intact mice served as a control.

Upon determination of the phagocytosis in the white mice
in vivo we obtained a very great variabllity of results,
especially in immune animals. The results of determination of
the phagocytic number in vivo may be influenced by a viscosity
of the exudate, different content of leukocytes in it, the rate
of absorption of the introduced peptone, the rate of exudate
formation, etc.

In immuine mice the varliability of phagocytic number was
more pronounced than in intact mice, which may be explained by
the pecullarities of immunization process in different indi-
viduals,

It 1is known that in any group of animals there exlsi Lin-
munologically inert individuals whose number varies depending
on the peculliarities of antigen and the multiplicity of itis
introduction, as well as on conditions of the maintenance orf
animals. It is therefore natural that in the experiments in
question no immunity was developed in some mice (refractory
individuals). However, despite the variability of obtained
data, the use of strain 17 for immunization shows a statisti-
cally fully significant rise of the phagocytic number in the

6



immune mice, While using the strain 17 we observed the high
phagooytic number in four out of five mice, and in the experi-
ment with Past, pestis EB 229 a high phagocytic index was ob-
served only iIn two animals which, apparently, is connected with
& lower antigenicity of the subculture oif strain EB.

TABLE 3
Phagocytic Number in Intact and Immune Mice Determined
;Q !&VO
Hanuenosanue mramma M ] ’ m
S S
e K M \
2 o s, | o
#X KoHTDOAMNME MMIDN, !
T ouvemm 17 . e e 202 028 , 0,13
1} X
& J:‘."..’S"E% '5;':". . 364 1.7 | 027
& Vuuynnse mpmu,
owrewm 17, . . . 3,7 0,98 0,44

1l == Designation of the strain; 2 -- Control mice, strain EB
229; 3 -= Control mice, strain 17; 4 -- Immune mice, strain EB
229; 5 == Immune mice, strain 17.

The rise of phagocytic number during the reaction in vivo
depends not only on the better physiological medium for ?Ehﬁo—

cytes but also on the fact that a number of substances associ-

ated with inflammatory reaction is accumulated in the abdominal
oavity. As is known many of these substances -~ polypeptides,

amino acids, ATP acid, sympathicotropic hormone =-- are capable

of enhancing phagoocytosis to a great degree.

Several experiments, carried out to verify this assumption,
have confirmed it. In these experiments, the phagocytic number
was determined according to the method in vitro with the use of
exudate., In this case, the phagocytic number was 2-3 times
higher than i{n similar experiments with the blood.

In evaluating these experiments we can assume that in im-
mune mice a greater numbdber of sudstances which promote the
capture of bacteria by leukocytes (ATP), adrenalin, leukotoxin,
etc., 18 secreted during inflammatory process than in nonim-
mune mice. Therefore, in immune animals the phagooytic number,
determined by the unthod|;95!§yo is considerably higher than
in nonimmune mice. Hence ollows that in some cases the
inflammatory reaction arising upon infection of animals and in
man through the bites of plague-blocked fleas may stop the de-
velopuent of plague infection.
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Changes in the Completeness of Phagocytic Reaction in
Immunized Animals :

The phapgocytic reaction may be complete or incomplete if
there is no lysis of the bacterlia captured by the leukocytes,
then such a pnagocytosis cannot he considered as a protective
reaction of the organism. The quistion of evaluation of the
completeness of phagocytic react on has not been as yet solved.
In order to stuldy this problem we carried out experiments using
?ltec?nique proposed by V. M. Berman and Ye. M. Slavskaya

959).

The blocd, .tabllized with a solutlion of sodium citrate
and mixed with bacteria (in the same way as it was done 1in ex-
periments in vitro), was placed in a thermostat at 37° for 30
min, and theén two smears of incubated blood were applied to
the agar in a Fetri dish., After 2-3 min one smear was trans-
ferred on a heated slide and applied to the agar surface onto
which the investi-sated blood was previously applied. A second
smear was retransferred on the slide after two-hour incubatilon
at 37°. During this time a part ol bhacteria was lysed under
the effect of enzymes of leukocytes and stained poorly, where-
as the survivin- bacterla were sharply magnified and stained
well. In the t'irst smear were counted the phagocytic number
and the percentapge of active leukocytes, as in the preceding
experiments; in the second smear only live bacteria (magnified
and intensely stained) were counted in leukocytes. The evalu-
ation of a degree of the completed phagocytoslis was performed
by way of determination of the difference between the phago-
cytic number of the first smear and second smear (retransferred
from the agar in a Petrl dish which was incubated in a thermo-
stat during two hours). Then the percentage was determined of
this difference in relation to the original phagocytic number
(determined from a count in the first smear).

The experiments showed that both in immunized and in non-~
immunized nice may exist both inert and active 1ndividuals
with respect to phagocytosis.

Since an impression was created on the difference of antl-
genic properties in plague strain 17 and straln EB, we have
carried out the experiments to verify the completeness of
phagocytic reaction of these two strulns., Table 4 pives data
obtained in thece experiments.

Durin;; determination of the completeness ol phagocytic
reaction of leukocytes with strain EB in nonimmunized (contro.i)
white mice we have not observed in all the ten experiments any
completed phagocytosis according to phagocytic number. Upon
determination of thlis index with strain 17 in control animals
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the completeness of phagocytic reaction averaged 11.1%4. In im-
munized animals, in the experiments both with strain 17 and
with strain EB there is observed approximately equally com-
gé;ped phagocytosis with respect to phagocytic number -- 36-

TABLE 4

Degree of the Completeness of Phagocytosis in Immunized
and Control Animals in # (25-28th Day After Vaccination)

(s Hanvencoanue axcnepusents M l 9 \ m

P

g RonTPOTLNME  (HENMMYNNINDOBON-
£ cop Gcawe Muls. OnMt ¢ wrau- . s
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f

|
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ot c wrammom 17 L L L. ¥8 0 ous 1 a8

;

!

]

‘ly KonTPOIBHME HEHMMYHKINDOBSINME |
© terue Mmun. Ormt ¢ wranuon EB 0 ! 0 0
5, HuMynuIposannse Aevie MMWH .

Oawr ¢ wrammon EB . . . . 42,1 175 6.7

i

1 -- Designation of experiment; 2 -- Control (nonimmunized)

whits nice. Experiments with strain 17; 3 -- Imnunized white

mige. Experiments with strain 17; 4 -- Control nonimmunized

white mice. Experiments .ith strain EB; 5 -- Immunized white
mice. Rxperiments with strain EB.

Consequently, as a result of immunization there is ob-
served a considerable increasa of the phagocytic activity of
leukocytes of the blood, which definitely affects the sensi-
tivity of the animal to the infestion with the plague and
represents one of the most important factors which determine
{immune state of the orgenisn.

Conclusions

1. During the first 12 da;,s after subcutanecous injection
to animals of the antiplague live raccine the phagocytic num-
ber in leukocytes increases by 50-100%, whereas the number of
active leulocytes {increases by 10-15%.

Subsequently the phagooytic number slightly decreases bdut
remains higher than in control animals. The percentage of
astive leukocytes increases on the 19-21st day after immuniza-
tion by 20-25%.




J/KNE. In the-experimenté with exudate in vivo the phago-
cytic number in immune animals 1s considerably higher than in
the experiments with the blood in vitro.

¥

“~3. A completed phagocytic reaction is observed in white

mice immunized with live antiplague vaccine EB, whereas in con-

gﬁgl (intact) mice there is no completed phagocytosis, as a
e.: ‘§r, |

S,
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